T he tem p eratu re dependence o f 35C1 N Q R spin-lattice relaxation tim es r i a a was observed for the crystal o f the title com plexes. F o r the Pd(II) and Pt(II) com plexes, the log r lclQ vs. 103 T~l curves having gentle positive gradients at lower tem p e ra tu res decreased sharply w ith increasing tem p eratu re from ca. 150 and ca. 
Introduction
Previously, we studied the 35C1 NQR, the 'H NM R second moment M2, and the 'H NM R spinlattice relaxation tim e 'H of (guH)2PdC l4, (guH )2PtC l4, and (guH )A uCl4, where guH+ denotes the guanidinium cation [C(NH2)3]+, and found unusual tem perature and frequency dependencies of 'H r , [1, 2] . This unusual 'H Tx behavior could be explained by assuming cross relaxations between the 'H Zeem an energy levels and the Zeeman split quadrupolar energy levels of the 35C1 and 37C1 nuclei [2 -7 ] , where the latter energy levels were assumed to fluctuate strongly through the C4 re orientational motion o f the complex anions, i.e. random nil reorientation about the symmetry axis of the D 4h anion, even far below room tem perature for the former two complexes, and at higher tem peratures for the Au(III) complex. However, whether or not the occurrence of the C 4 reorienta tion of the complex anions takes place in these crystals is still a subject o f controversy.
M easurements of the tem perature variation of the are expected to provide a clue to clarify this problem [8] [9] [10] . Accordingly, we have measured
35C1 r ]C]Q of the three complexes at various tem peratures to verify the existence of the C 4 reorien tation of the anions and to determine its activation energy Ea if it really exists.
Experimental
The same samples as those of our previous experiments of 35C1 N Q R and 'H NM R [1, 2] were used for the present investigation. 35C1 TiQa was determ ined at various tem pera tures above 77 K by means of a frequency variable pulsed NM R spectrometer already described which was operated without external dc magnetic field [1] . The measurements of r lclQ were performed by plotting the N Q R spin-echo am plitude as a function o f the delay time x using a n -x -n /2 -x '-n pulse sequence, where x' was another constant delay time to obtain appropriate echo signals and was chosen, for the present measurements, around 130 ps at a given tem perature. Sample tem peratures were deter mined by use of a copper-constantan thermocouple and were estimated to be accurate within ± 1 K. A normal exponential decay of the echo signals was observed at all temperatures. The 35C1 N Q R fre quencies obtained in the present investigation for the three complexes agree very well with those found in our previous study [1] 35C1 N Q R r , in G u a n id in iu m T etrachlorom etallates
Results and Discussion

[C(NH2)3]2PdCl4 and [C(NH2)i]2PtCI4
From [1] , it is known that both complexes yield two 35C1 N Q R frequencies having equal intensity in the tem perature range of 7 7 -2 2 0 K and 7 7 -169 K, respectively. Above each maximum tem perature observed, no N Q R signal could be detected. The appearance o f two equal intensity signals for these complexes agrees well with the results of X-ray analysis [2 , 1 1 ] showing that both complexes are isomorphous and the anions are crystallographically equivalent in each crystal with two nonequivalent chlorines giving rise to the high-and low-frequency line a and b, respectively. The 35C1 r IC]Q values observed for these complexes are shown in Fig When the tem perature of (guH )2PdCl4 was raised from 77 K, log r lclQ of chlorine (3^C1) at both sites, which has slightly different values at a given tem perature, decreased gradually and almost linearly with decreasing 103 T~] up to ca. 140 K. In this region, T,C]q of chlorine at the site a was shorter by a factor of ca. 1.6 than that at b. On increasing the tem perature further, the two log 7'iaQ values de creased very sharply and almost linearly with 103 T~] above ca. 160 K, and the chlorines of both sites gave identical r lcl< a values at the same tem perature. Above 195 K, the intensity of both lines became too weak to determ ine r lclQ. This tem perature is lower by ca. 25 K than the fade-out tem perature determined in the previous cw experi ments. The Pt(II) complex yielded a Tx c1q curve very sim ilar to that of the Pd(II) complex. However, r i a Q of the former is significantly shorter than that of the latter. The echo signals for the Pt(II) complex were too weak to determ ine r lcl« above ca. 150 K, which is lower by ca. 20 K than the fade-out tem perature of this complex observed by the cw method.
In the low tem perature regions of both complexes, where the 35C1 nuclei gave gentle log 7", c1q vs. 1 0 3 t~x curves, the dependence of r lcIQ on the tem perature can be interpreted in terms of the quadru polar mechanism due to the random fluctuations of the electric field gradient (EFG) formed at the resonant nuclei through rotational oscillations or librations of the anions having the librational angular frequency co, and the associated moment of inertia I,. The quadrupolar relaxation due to libra tions involving oscillations of the principal EFG axes of the resonant nuclei was studied by Bayer [12] and other authors [13] [14] [15] [16] [17] . According to Woessner and Gutowsky [14] and to Jones et al. [17] , 77aq f°r quadrupolar nuclei, having a nuclear spin equal to 3/2, can be written under the condition of h co/IkT <1 1 as
Here, coq and rg are the 35C1 N Q R angular fre quency and the mean-life time of the anions staying at the librational ground state, respectively, and y is equal to W{/W 2, where W\ and W2 are the tran sition probabilities of nuclear quadrupole transi tions with the selection rules Am = ± 1 and Am = ± 2, respectively. Equation (1) shows that 7Tc'iq has an explicit T2 dependence. This will be confirmed from the later analysis of TX C[Q obtained
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T able 1. A djusted p aram eters a and m for the q u a d ru p o le spin-lattice relaxation due to librational fluctuations o f the electric field g radient at th e 35C1 nuclei, and the activation energy E a for the C 4 reo rien tatio n o f th e com plex anions and its correlation tim e r0 at infinite tem p eratu re estim ated for (g u H )2P d C l4, (g u H )2P tC l4, and (guH )A uC l4. for both complexes, which indicates that the r lciq values at lower tem peratures are governed by the librations of the anions. In the high tem perature region, r lclQ of each complex decreased sharply with increasing tem pera ture suggesting the occurrence of some slow motion of the anions such as reorientational motion [8 -1 0 ]. A small angle reorientation between two stable conformations of the anions formed symmetrically near the single equilibrium conform ation at low tem peratures can be considered as a conceivable m otion for the present complexes. The 35C1 r lclQ of C H 2 C1CH2C1 observed below ca. 85 K was ex plained by a reorientational mechanism similar to this [18] , An analogous motion was proposed for the interpretation of the anom alous tem perature variation of the 79Br N Q R frequencies detected for CsAuBr4 [19] . However, this motional mode can hardly be employed for the present case because the X-ray analysis of (guH)2PdC l4 [11] gave fairly welldefined chlorine positions with small anisotropic thermal parameters suggesting the occurrence of in plane librations of the anions.
Another possible motional mode for the present complexes is the C4 reorientation of the complex anion as a whole about its symmetry axis. Accord ing to Goldman [20] , r 1Cio attributable to the hindered reorientation of the anions under the condition co q zq ^ h is expressed as r lclQ = (2/3) rcl = (2/3) r0 exp (.EJkT).
Here, the Arrhenius relationship between the corre lation time rcl and the activation energy £ a for the motion is assumed, and t 0 is the correlation tim e at infinite temperature. Combining the above two relaxation mechanisms, T]CI« observed for the present complexes can be written in a rather general form [1 0 ]:
Here a and m are adjustable parameters. Using (3), fitting calculations to the observed values were performed by changing the a, m, t 0, and Ea values.
The data observed at lower temperatures should m ain ly determine the values of a and m, while those at higher temperatures the values of r0 and Ea. The best fitted parameters are given in Table 1 , and the r lcIQ curves calculated with these are shown by solid curves in Figure 1 . The values of a obtained for the Pd(II) complex are smaller by one order of magnitude than those of the Pt(II) one. However, a contains three unknown parameters, y, co/, and rg which may be difficult to evaluate with enough accuracy. Therefore a is not discussed further in the present paper.
Although the Pt(II) complex gives a considerably large Ea value for the C 3 reorientation of the cation than the Pd(II) complex [2] , E.d for the C4 reorienta tion is smaller for the former than for the latter one. This is a contradictory result in view of the conceiv able binding forces operating between complex anions and the cations. The smaller Ea values for the C4 than for the C3 reorientations may be under stood by considering the smaller reorientational angle for the C4 reorientations, and the smaller Ea of the C4 motion for the Pt(II) complex may be explained if it has a shorter m etal-ligand bond than the Pd(II) complex, as in the case of K2PtCl4 and K2PdCl4 [21] ,
The tem perature dependence of rcl derived from the present NQR study at lower temperatures and that estimated from the previous 'H NM R one at higher temperatures are given in Figure 2 . For each complex, the log rcl vs. 103 T~] plot is almost linear m easurem ents o f 7"1C1a at low tem p eratu res, w here only lines are given, and e stim ated from 'H T x a t h ig h er tem peratures, w here the values determ in ed at various tem peratures are shown w ith e rro r bars. A rrow s indicate the tem peratures above w hich no 35C1 N Q R signal was detected.
in both tem perature regions with nearly the same gradient and the line extrapolated from the cold side (based on NQR data) for each complex approximately coincides with that estim ated from the NMR data [2] , These facts provide a strong support for the analysis o f the extraordinary 'H NMR relaxation data o f the previous investigation and, then, prove that the chlorine N Q R data can be evaluated, in a favorable case, from 'H N M R measurements through quadrupolar-dipolar cross relaxation even in a tem perature region where N Q R signals are faded out.
[C(NH2)tJAuCU
This complex yields four closely spaced 35C1 NQR frequencies at 77 K, which are nam ed as a, b, c, and d in the order o f decreasing frequency [1] . The tem perature dependence of r iaQ for each line is shown in Figure 3 .
Below ca. 240 K, each line gives almost the same Tiqo at a given tem perature and also the same log r ,c ,a vs. 103 T~x curve with a gentle gradient. Above this tem perature, r !C1Q of the a and c lines decreases very steeply with increasing tem perature and both lines give the same T\a < i curve. The values of T\C\q become ca. 400 j i s at 325 K, which explains well the fact that both lines are faded out near 345 K [1] , On the other hand, TlC }Q of the remaining lines decreases gradually even above ca. 240 K. However, immediately below the transition tem perature Tu (363 K), r lclQ of both lines shows an indication to decrease rapidly with increasing tem perature.
The above results are com patible with those of the X-ray analysis [11] , revealing the existence of two kinds of anions in the crystal. The data of r lclQ of the N QR lines a and c attributable to one kind of anions, can be analyzed in the same way as those of the foregoing two complexes. The numerical results are given in Table 1 . and the curve calculated by using the best fitted values of the param eters is shown in Figure 3 . The large Ea of 67.2 kJ m ol-1 obtained for this kind of anions indicates that the anions are fairly tightly bound in the crystal as compared with the anions in the preceding two complexes. The other kind of the anions does not show an appreciably sharp decrease in T]aQ indicat-
